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5.7 Summary and Conclusions

The experiment met the estimated maximum number of passes for each of the
control sections and test sections, which is 80,000 repetitions.  A fixed wheel pass
(zero lateral wander) was followed and two-pass cycles (two-way traffic) were
applied throughout the tests.  Loading consisted of rolling wheel passes of a dual
tandem axle of 150 kN (34 kips).  Tire pressure was 620 kPa (90 psi).  In general,
load cycles were applied when the surface temperature of the pavement was
around 50°C (122°F) while mid-depth temperature was maintained around 37.8 ±
2.2°C (100 ± 4°F).  Consequently, the temperature gradient between the surface
and mid-depth of the pavement remains always no less than -6.7°C (20°F).

Rutting was measured every 10,000 load repetitions.  The rutting at the terminal
stage (at the end of 80,000 repetitions) is summarized in Table 5.7.  Values are
shown for each of the four mixes at the west, middle, and east transverse profile
locations.  The last column in Table 5.7 gives the average of the final rutting for
each mix.

Figure 5.18 Side Wall of Cut Trench in SM-2A Test Section with 30% Sand
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Table 5.7   Summary of Rutting (in.)

   West Middle East Average

Control Sections:
       - Mix 1 (BM-2C)      0.91    0.83 1.02   0.92
       - Mix 2 (SM-2C, 20% Sand)      0.78    0.60 0.69   0.69

Test Sections:
       - Mix 3 (SM-2C, 30% Sand)      1.14    1.27 1.23   1.21
       - Mix 4 (SM-2C, 15% Sand)      0.74    0.82 0.93   0.83

By comparing the final rutting (average from the three locations), it can be noted
that, except for the mix with 30% sand, Superpave mixes show less rutting than the
Marshall mix.  The best performing mix of all four sections is Mix 2, indicating that
20% ratio is the optimum sand content in these Superpave mixes.  On the other
hand, 30% ratio is the worst sand content and resulted in the most rutting
(unacceptable, more than one inch).  

When comparing each of the pair of sections tested side-by-side, the following may
be concluded:

• The best performing Superpave mix (Mix 2) shows a final rutting of 75% of
the adjacent BM-2C mix (Mix 1), a typical common Marshall mix used in
Kansas.

• The worst performing Superpave mix (Mix 3) shows a final rutting of about
1.5 times the corresponding mix (Mix 4), which suggests that 30% sand is
excessive and not recommended.

Looking at the four sections all together, it can be concluded that:

• When adequately designed, Superpave mixes perform better than Marshall
mixes.

• The optimum sand content is 20%, which results in about an 18 mm (0.7 in.)
rut.

• For a ratio of sand 5% less than the optimum (i.e., 15%) rutting is increased
by about 20%.  Performance is not as good, but is still better than the
Marshall mix.

• For a ratio of sand 10% more than the optimum (i.e., 30%) rutting is
increased by about 75%.  Performance is very poor, and rut is significantly
worse than even the conventional Marshall mix. 

It should be noted that actual service life of similar pavements on the highway will
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be much longer than the one experienced in the accelerated testing environment. 
The frequency of occurrence of high axle-loads being applied exactly on the same
path and at the rate of 10 repetitions per minute (600 repetitions per hour) is higher
than normal traffic conditions.  Even on heavy traffic highways, chances are slim
that the same type of load axles will hit the exact same spots on the wheel path so
frequently.  On the other hand, it has been established that the axle of a testing
machine (such as that of the K-ATL moving at a speed of 5-7 mph) produces much
more damage than those of trucks running at 60 or 70 mph.  This is mainly due to
the fact that the tires of the slower axles are in contact with the surface at any
certain spot along the path much longer than tires of a running truck.  These are all
characteristics of accelerated pavement testing.  

Accelerated pavement testing can give a very good performance assessment when
two pavement mixes or pavement types are compared side-by-side.  The relative
behavior is a good qualitative indication of pavement performance.  It gives a
general evaluation of how well an alternate design works when compared to a
typical design.  

Data collected from longitudinal tensile strains below the pavement, soil pressure in
the subgrade, asphalt wet densities, material testing, surface elevations and
longitudinal profile curves have been collected, properly classified, and
documented.  Initial analysis of this data did not show a significant trend or pattern
for the variation of these parameters as load cycles are applied, or theoretically,
damage is indued.  However, such data can be used in further research and more
detailed analysis.  It is made available to future analytical studies and is suitable for
comparison with results from numerical modeling and computational methods.  For
instance, a comparison of the responses computed from the FWD back-calculated
layer moduli and the measured responses has been reported by Bhuvanagiri et al.
[10].  Also they reported attempts to correlate the variation in the longitudinal tensile
strains and the vertical compressive stress to possible changes in the AC layer
moduli and the modulus of the aggregate base.

The rutting observed in this experiment agree with most of the remarks made by the
surrogate study and reported in Bhuvanagiri et al. [10].  For instance, the statement
that “the north section (Mix 3) had a large shear flow of the AC layer material and
most of the rutting happened due to this phenomenon” is true.  Also, it is correct to
indicate that “it appears that the Superpave mixture containing a large amount of
river sand was susceptible to plastic shear flow indicating a lack of stability.”

Another conclusion made by Bhuvanagiri et al. [10] is that “most of the rutting on the
south section (Mix 4) was due to consolidation of the AC and/or other layers since
little flow of AC material was evident.”  This is not totally true since plastic flow in
this section is also quite significant.  Consolidation of the AC layer may have taken
place, but the observation of the layers’ profiles on the walls of the trenches (such
as Figures 5.17 and 5-18) cut in the test sections indicates that no consolidation,
compaction, nor settlement of the soil/aggregate base beneath the pavement has
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occurred in neither Mix 3 nor Mix 4.

However, the visual inspection of the cores in all four sections led to a general
observation of a reduction in the thickness of the asphalt concrete layer between
the core taken off the wheel paths and those taken from within the wheel paths. 
This reduction generally corresponds to the degree of rutting observed at the
surface of the pavement.
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APPENDIX A

SUPERPAVE MIX DESIGNS
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APPENDIX B

BASE LAYER SOIL TEST RESULTS
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APPENDIX C

DATA ACQUISITION SYSTEMS’ SETUP
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